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SUMMARY The study evaluates the temporomandib-
ular joint (TMJ) movements of patients with signs
and symptoms of temporomandibular disorders
(TMD) before and after therapy with the functional
appliances of the ‘function generating bite’ (FGB)
type. Thirty subjects suffering from TMD were
selected and divided into two groups: group A
(young patients: four males, nine females, mean
age  standard deviation: 13Æ3  1Æ5 years); group B
(adults: three males, 14 females, mean age  stan-
dard deviation: 23Æ2  4Æ4 years). A control group
comprised 13 healthy subjects with perfect normal
occlusion, TMD-free, was matched for age and sex
with patient groups and was examined at T0 and
after 12 months (T1). Computerized axiography was
performed before and after therapy (average
13 months) with FGBs to evaluate any difference
in condyle border movements. Results showed a
statistically significant improvement after treat-
ment, for groups A and B, in length, clicks, tracings
with normal morphology, superimposition, devia-
tions, regularity and return to starting position and
speed (statistical analysis: chi-squared test) except
for the symmetry of tracings which was significantly
improved only for the young patient group. No
statistically significant differences at time T0 ⁄T1
were found in the control group. In conclusion, the
study shows that the TMJ tracings of TMD patients
before and after therapy with ‘FGB’ significantly
improve especially in young patients. FGB may be a
useful appliance to improve TMJ function in young
and adult TMD patients requiring orthodontic
treatment.
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Introduction
Temporomandibular disorders (TMD) are joint and
muscle disorders in the orofacial area characterized by
pain, joint sounds and impaired jaw function; they are
chronic conditions commonly encountered by dentists,
who must therefore understand anatomical character-
istics and functional status of the temporomandibular
joint (TMJ) in patients with signs and ⁄or symptoms of
TMD (1–3).
The aetiologic factors underlying TMD are still
the subject of much controversy. Parafunctional oral
habits, dental occlusion, postural problems, muscular
imbalance, unusual neuromuscular chewing patterns,
TMJ disease and cranial cephalometric type are some of
the factors frequently involved (4–6). The effects of
neuromuscular components on occlusal contacts during
function have been emphasized in this connection
(7, 8). Occlusion may act as both a predisposing and
perpetuating factor (9–12). Both functional and struc-
tural aspects of occlusion may be important as possible
risk factors (13). However, these disorders may arise
from an independent association of these and other
variables (4, 14); occlusal interference is reportedly able
to cause a shift in the position of the condyle in the
fossa (15–17), and McNeill et al. (9, 10) suggest that
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research should broaden its focus from local occlusal
factors to the stomatognathic system as a whole (18–
22).
It is clear that an interdisciplinary diagnosis is
necessary and that therapy must involve the entire
stomatognathic system (23). Several comparative
studies have evaluated normal condylar movements
to determine the diagnostic accuracy of instrumental
analysis of the TMJ (24–28). Computerized axiogra-
phy is a non-invasive diagnostic method through
which the hinge axis can be determined, as well as
the horizontal condylar inclination and the Bennett
angle for articulator setting (29). In 1993, by evalu-
ating interoperator variability of axiographic record-
ing, Piehslinger et al. demonstrated the high
reproducibility of the condylar reference position
(30).
Sagittal recording devices have been shown to exhibit
reproducible results between operators (31) and, as
such, have been widely used to study the position and
movements of the condyles (32). Moreover, through
axiography early symptoms of disturbances in the
stomatognathic system can be detected by comparing
different recordings of the same patient, and the
technique may aid further characterization of cranio-
mandibular disorders (33–38).
Characteristic configurations of the condylar path
may be correlated with specific conditions of TMJ
dysfunction, i.e. reciprocal clicking, anterior disk dis-
placement with reduction (ADD). These phenomena
can be visualized with axiography. Gsellmann et al.
found that patients with ADD with reduction showed
significantly shorter range of TMJ movements in
comparison with asymptomatic volunteers (39).
The aim of the present study was to evaluate the
condylar pathways recorded by computerized axiogra-
phy, of young and adult patients suffering from TMD,
before and after therapy with ‘function generating bite’
(FGB). We tested the hypothesis that FGB is a reliable
appliance to improve the TMJ function without any
side effects on the joints.
Material and methods
Subjects
Thirty subject suffering from TMD were selected and
divided into two groups: group A before the pubertal
growth (13 young patients: four males, nine females,
mean age  standard deviation: 13Æ3  1Æ5 years);
group B after the pubertal growth (17 adult patients:
three males, 14 females, mean age  standard devia-
tion: 23Æ2  4Æ4 years).
A control group of 13 healthy subjects (TMD-free
group) was matched for age and sex with the patient
groups. Patients were selected from 1 June 2002 to 1
December 2003 from among those referred to the
Department of Orthodontics, University of Turin, Italy.
Before entering the study, informed consent was
obtained from all patients or their parents and control
subjects.
Temporomandibular joint functional border move-
ments were recorded by computerized axiography
before and after therapy with FGB functional
appliances.
Inclusion criteria for the patient’s group were as
follows:
- absence of any kind of fixed or removable prosthetic
restoration;
- absence of periodontal disease;
- presence of all teeth (with the exception of third
molars);
- diagnosis of TMD, according to the research diagnostic
criteria by Dworkin and LeResche (4). The subdiagnosi
for the young patients was ‘group IIa’ disk displacement
with reduction. Adult patients (12%) had pain of
muscular origin and the subdiagnosi was ‘group Ia’
myofacial pain. Adult patients (88%) had clicks with a
subdiagnosi 80% ‘group IIa’ disk displacement with
reduction, and 20% ‘group IIc’ disk displacement
without reduction and without limited opening.
Inclusion criteria for the control group were as
follows:
- perfect dental occlusion according to angle classifica-
tion;
- absence of any kind of fixed or removable prosthetic
restoration;
- presence of all teeth (with the exception of third
molars);
- absence of periodontal disease;
- absence of clinical TMD signs and symptoms.
Any orthodontic or gnathologic device was used by
the subjects of the control group during this study.
All patients (both young and adult groups) under-
went the following protocol:
- clinical, orthodontic and gnathological examination
(European Academy of Craniomandibular Disorders
Form) (40);
A X I O G R A P H Y I N T M D B E F O R E A N D A F T E R T H E R A P Y 89
ª 2008 The Authors. Journal compilation ª 2008 Blackwell Publishing Ltd
- radiographic evaluation (panoramic, teleradiography
in lateral and postero-anterior projections);
- laterolateral and postero-anterior cephalometry;
- stone casts;
- intra- and extra-oral photos;
- therapy with FGB to treat both the malocclusion and
the TMD signs and symptoms;
- complete electronical axiography before therapy (T0)
and after therapy (T1).
Appliances
Functional appliances help in the movement of the
teeth, with the achievement of good facial muscle
function (41); they are useful in TMD patients
requiring orthodontic treatment (42, 43). Both TMD
groups were treated with one of two types of
functional appliance, the FGB for deep bite correction
(FGB-D) and the FGB for open bite correction
(FGB-O). The choice of appliance depended upon
the malocclusion, FGB-D being characterized by ante-
rior and posterior bite planes and the FGB-O by
posterior bite planes only. All patients were informed
about the importance to wear the appliance always,
during the day and the night, except during the meals
and sports activity.
The appliances were individually manufactured of
acrylic resin and resilient stainless steel, with posterior
and anterior metallic bite planes preventing the teeth
from intercuspal contact (Fig. 1). The principal compo-
nents for both types of FGB are: (i) buccal arch;
(ii) buccal shield; (iii) palatal resin plate; and (iv) meta-
llic bite planes.
These devices are characterized by posterior metallic
bite planes that, like gnathological bites, disengage the
mandible from occlusion and protect the stomatogna-
thic system from nociceptive inputs (42) (Figs 2 and 3).
The effectiveness of FGB appliances is described in the
literature: after 1 year of therapy with FGB-D, the TMD
patients with deep bite showed the recovery of the
asymmetry of the right and left masseters (41–43).
The mean duration of therapy  standard deviation
was 13Æ1  8Æ9 months; patients underwent a second
axiographic evaluation after therapy (T1), and the
control group after a comparable interval of time.
Recordings were made by the same skilled examiner at
the same time of day, i.e. during the morning. The
variability of the duration of therapy with a func-
tional appliance is normal because it depends on the
characteristics of the subjects, i.e. muscle activity, type
of malocclusion, availability to wear the appliance
during the day and compliance.
Instruments
Border condylar movements were measured with the
Cadiax Diagnostic axiograph and Gamma Dental
Software* (Fig. 4). The Cadiax Diagnostic axiograph
is connected with a Condylograph face bow and
interfaces with a computer for data storage and
subsequent analysis.
The axiographic parameter considered and evaluated
were:
- length of protrusive, mediotrusive and opening trac-
ings, on the sagittal plane, for both condyles;
- presence of a click as a deviation of the tracing of
3 mm or more, on the sagittal plane, during protrusive,
mediotrusive and opening movements, for both
condyles;
- morphology of the protrusive, mediotrusive and
opening tracings, on the sagittal plane, for both
condyles (right and left);
- lack of superimposition (lack of repeatability of the
considered movements) of the protrusive and medio-
trusive tracings for both condyles;
- presence of deviation of the protrusive and medio-
trusive tracings of 1 mm or more, on the frontal and
horizontal planes, for both condyles;
- absence of return to the starting point, of the
protrusive, mediotrusive and opening tracings, on the
sagittal plane, for both condyles;
- presence of irregular velocity of protrusive, medio-
trusive and opening tracings, for both condyles;
- asymmetric length of the left and right tracings
(>3 mm), on the sagittal plane, of the protrusive,
mediotrusive and opening movements.
Reference values used were suggested by Slavicek
(29) and Piehslinger et al. (31, 33).
Statistical analysis
The statistical analysis was performed by the chi-
squared test to evaluate differences before (T0) and
after therapy (T1) of the horizontal, sagittal and frontal
plane, of each condyle, during protrusive, left and right
mediotrusive and opening movements.
*Gamma Dental, Klosterneuburg, Austria.
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Results
The statistically significant results of the axiographic
tracings, before (T0) and after (T1) therapy of the young
TMD patients (group A) were:
- length of the tracings:
- protrusion fi tracings with normal length [according
to Slavicek (29) and Piehslinger et al. (31, 33)]
increased from 46% to 77% (Table 1) (P = 0Æ023);
- mediotrusion fi increased from 58% to 81%
(Table 1) (P = 0Æ071);
- tracings with clicks decreased from 44% to 0%
(P = 0Æ000) (Table 2);
- from the clinical evaluation, before therapy 13
children of 13 showed a click, after therapy none of the
children had a click;
- tracings with normal morphology on the sagittal
plane increased from 44% to 71% (P = 0Æ001)
(Table 2);
- tracings without superimposition (lack of repeatabil-
ity of the considered movements) decreased from 65%
to 2% (P = 0Æ000) (Table 2);
- tracings with deviations (>1 mm) decreased from
31% to 0% (P = 0Æ000) (Table 2);
- tracings without return to the starting point
decreased from 54% to 1% (P = 0Æ000) (Table 2);
- tracings without uniform speed decreased from 49%
to 0% (P = 0Æ000) (Table 2);
- tracings with asymmetry (>3 mm) between left and
right joint decreased from 33% to 5% (P = 0Æ002)
(Table 2).
The statistically significant results of the axiographic
tracings before (T0) and after (T1) therapy of the adult
TMD patients (group B) were:
- length of tracings:
- opening fi increased from 27% to 53% (Table 1)
(P = 0Æ048);
(a) (b)
(a)
(b)
(d)
(c)
Fig. 1. Function generating bite
open (*) and function generating
bite deep. (#) (a) posterior bite plane,
(b) palatal resin plate, (c) expansion
spring, (d) anterior bite plane.
(a) (b) (c)
Fig. 2. (a) TMD deep bite patient
before therapy; (b) TMD deep bite
patient during therapy with FGB
deep; (c) TMD deep bite patient after
therapy.
(a) (b) (c)
Fig. 4. (a) Axiographic tracing of
mandibular protrusion before ther-
apy; (b) condylocomp during recor-
ding a patient; (c) axiographic tracing
of mandibular protrusion after
therapy.
(a) (b) (c)
Fig. 3. (a) TMD open bite patient
before therapy; (b) TMD open bite
patient during therapy with FGB
Open; (c) TMD open bite patient
after therapy.
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- tracings with clicks decreased from 37% to 17%
(P = 0Æ001) (Table 2);
- from the clinical evaluation, before therapy 15
adult patients of 17 showed a click, after therapy nine of
them still had a click.
- tracings with normal morphology on the sagittal
plane increased from 49% to 65% (P = 0Æ004)
(Table 2);
- tracings without superimposition decreased from
69% to 29% (P = 0Æ000) (Table 2);
- tracings with deviations (>1 mm) decreased from
41% to 24% (P = 0Æ028) (Table 2);
- tracings without return to the starting point de-
creased from 53% to 16% (P = 0Æ000) (Table 2);
- tracings without uniform speed decreased from 54%
to 24% (P = 0Æ000) (Table 2);
No statistically significant differences time T0 ⁄T1
were found in the control group.
Discussion
This study evaluated TMJ border movements through
computerized axiography (Cadiax Diagnostic plus
Gamma Dental Software; Gamma Dental) in patients
with signs and symptoms of TMD before and after
therapy with FGB functional appliances. Previous
studies have focused on diagnosis of TMJ disease
using axiography, but none has evaluated TMJ
function before and after therapy (25, 27, 28). The
results show a significant difference, before and after
therapy for morphology, superimposition, devia-
tions, clicks, return to the starting point and uniform
speed of the tracings, for both the young and
adult patients except for the asymmetries of the
tracings which significantly improved in young
patients only.
The normal TMJ movements depend primarily on
the disk freely sliding down the slope of the eminence
and aberrations in the lubrication system contribute to
TMJ dysfunction. According to Nitzan et al., hyaluronic
acid plays an important indirect role in the steady state
Table 1. Comparison between the % of axiographic tracings with
normal length before (T0) and after (T1) therapy of young (group
A) and adult (group B) TMD patients, and the control group
(group C)
T0 T1 P
Tracings with normal length (group A) (%):
Protrusion 46 77 0Æ023
Mediotrusion 58 81 0Æ071
Opening 42 62 0Æ165
Tracings with normal length (group B) (%):
Protrusion 65 77 0Æ287
Mediotrusion 50 68 0Æ451
Opening 27 53 0Æ048
Tracings with normal length (group C) (%):
Protrusion 69 81 0Æ337
Mediotrusion 65 54 0Æ396
Opening 69 65 0Æ767
The statistical analysis was performed by chi-squared test.
Table 2. Comparison between axiographic parameters (number
of tracings) before (T0) and after (T1) therapy of young (group A)
and adult (group B) TMD patients, and the control group
(group C)
T0 T1 P
Tracings with click: protrusive, mediotrusive and opening left and
right joint
Group A 34 ⁄ 78 0 ⁄ 78 0Æ000
Group B 38 ⁄ 102 17 ⁄ 102 0Æ001
Group C 1 ⁄ 78 1 ⁄ 78 1
Tracings with normal morphology: protrusive, mediotrusive and
opening left and right joint
Group A 34 ⁄ 78 55 ⁄ 78 0Æ001
Group B 50 ⁄ 102 70 ⁄ 102 0Æ004
Group C 71 ⁄ 78 69 ⁄ 78 0Æ598
Tracings with absence of superimposition: protrusive and medi-
otrusive left and right joint
Group A 34 ⁄ 52 1 ⁄ 52 0Æ000
Group B 48 ⁄ 68 21 ⁄ 68 0Æ000
Group C 32 ⁄ 52 29 ⁄ 52 0Æ550
Tracings with deviations (>1 mm): protrusive and mediotrusive
left and right joint
Group A 16 ⁄ 52 0 ⁄ 52 0Æ000
Group B 28 ⁄ 68 16 ⁄ 68 0Æ028
Group C 1 ⁄ 51 1 ⁄ 51 1
Tracings without return to the starting point: protrusive, medio-
trusive and opening left and tight joint
Group A 42 ⁄ 78 1 ⁄ 78 0Æ000
Group B 54 ⁄ 102 16 ⁄ 102 0Æ000
Group C 13 ⁄ 78 13 ⁄ 78 1
Tracings without homogeneous speed: protrusive, mediotrusive
and opening left and right joint
Group A 38 ⁄ 78 0 ⁄ 78 0Æ000
Group B 55 ⁄ 102 24 ⁄ 102 0Æ000
Group C 2 ⁄ 78 2 ⁄ 78 1
Tracings with asymmetry (>3 mm): protrusive, mediotrusive and
opening left and right joint
Group A 13 ⁄ 39 2 ⁄ 39 0Æ002
Group B 6 ⁄ 51 2 ⁄ 51 0Æ141
Group C 3 ⁄ 39 7 ⁄ 39 0Æ176
The statistical analysis was performed by the chi-squared test.
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of the boundary lubrication process of joints by
protecting the surface-active phospholipids from being
lysed by phospholipase A (2). When the rate of
degradation exceeds that of synthesis, there will be
insufficient replacement of hyaluronic acid and ⁄or
surface-active phospholipids, resulting in denudation
of the articular surfaces. These are then exposed to
increasing friction, and hence increased danger of
degenerative joint changes (44, 45).
The lack of superimposition, the altered morphology,
the clicks, the deviations the incapability to return to
the starting point, the unhomogeneous speed of the
tracings are different aspects of the alteration of the
lubrication system.
The action of the ‘FGB’ appliances on the TMJ may
be due to the metallic bite planes, which disengage the
mandible from occlusion, enabling the condyle to
regain its physiological position decompressing the
joint by applying traction on the ligaments, thus
decreasing the load, re-establishing the function of the
lubrication system and normalizing the trophism of
the meniscus.
Because the patient group was subdivided into two
groups, young people (before the pubertal growth) and
adults (after the pubertal growth), the results showed
that the young people obtained a complete recovering
of clicks, a great improving of the tracing morphology,
of speed and asymmetries, becoming their tracings
normal, while the adult patients obtained a statistical
significance of the same parameters even though the
clicks did not completely disappear and the asymmetry
of the tracings did not recover at all. We know from the
literature that asymmetry is an important predisposing
and perpetuating factor for TMD (4).
The correction of the asymmetry in young patients
may be due to the fact that the condyle undergoes an
adaptive type of growth (46) with acceleration around
puberty. The therapy produces better results if it is
applied during the period of maximum adaptation
capability and growth of the condyle. Thus, the earlier
the therapy, the better is the functional rehabilitation.
It must also be stressed that in our series, after
therapy no parameter had worsened, and indeed it
may be said that this type of appliance has no side
effects.
In conclusion, the study shows that the TMJ tracings
of TMD patients before and after therapy with FGB
significantly improve especially in young patients. FGB
may be a useful appliance to improve TMJ function in
young and adult TMD patients requiring orthodontic
treatment. Further investigations are necessary to
deeply understand the phenomena.
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